Summary. Hydroxysteroid dehydrogenases (HSD) were evaluated histochemically in tissues representing seven regions of the epididymides from twenty-five neopubertal and three adult bulls. The epithelium of the epididymides was devoid of HSD activity against each of twenty steroid substrates tested; only 3\g=b\,16\g=b\-dihydroxy-5-androsten3-methyl ester was dehydrogenated. In luminal spermatozoa, however, 3\g=a\-,3\g=b\-, 16\g=b\-and 17\g=b\-HSD activities were detected in sections from most neopubertal and all adult bull epididymides incubated with 5\g=b\-androsterone, 5\g=b\-epiandrosterone,3\g=b\,16\g=b\-dihydroxy-5-androsten3-methyl ester and 5\g=b\-dihydrotestosterone. All other substrate incubations were negative. There was no age-associated difference in demonstrable HSD activity of epididymal spermatozoa. In smears of unwashed testicular spermatozoa from adult bulls, 3\g=a\-HSD activity was most conspicuous on the sperm head and cytoplasmic droplet, 3\g=b\-HSDactivity was most prevalent in the mid-piece and the 17\g=b\-HSDactivity predominated in the mid-piece and the cytoplasmic droplet.
INTRODUCTION
Androgens present within the epididymis are apparently essential for the acqui¬ sition of fertility by spermatozoa (Blaquier, Cameo & Burgos, 1972;  OrgebinCrist, Dyson & Davies, 1972) . Both the epididymal epithelium and the sperma¬ tozoa are capable of steroid interconversions (Scott, Baggett & W'hite, 1963; Seamark & White, 1964;  Inano, Machino & Tamaoki, 1969; Gloyna & Wilson, 1969; Frankel & Eik-Nes, 1970; Vreeburg & Aafjes, 1971 ) and the enzymes which catalyse these conversions may, therefore, play an important rôle in determining the androgenic environment within the epididymis. Although all the enzymes of interest cannot be studied, histochemical techniques (Baillie, Ferguson & Hart, 1966) have aided the localization and identification of hydroxysteroid dehydrogenases (HSD) in the epididymal epithelium and spermatozoa of hamsters (McGadey, and rats (Moniem, 1972) .
The objective of this study was to determine the types of HSD present in the G. J. Killian and R. P . Amann bovine epididymis and to determine if this activity is altered during the first 30 weeks after puberty.
MATERIALS AND METHODS

Epididymides
were obtained from twenty-five young Holstein bulls main¬ tained on a weekly ejaculation regimen with planned sexual preparation (Killian & Amann, 1972) . Five bulls had been assigned to each of five groups and were killed at 34 weeks of age, at puberty, or at 10, 20 or 30 weeks after puberty. Puberty was defined as the age when the first ejaculate was obtained which contained a minimum of 50xl06 spermatozoa with at least 10% showing progressive motility (Wolf, Almquist & Hale, 1965 (Rebhun, 1965) and immersed in liquid nitrogen ( -196°C) (Melnick, 1965) . The HSD activity in cryostat tissue sections (8 ¿¿m nominal thickness) was evaluated using slight modifications of the method described by Baillie et al. (1966) . Tissue sections mounted on coded slides were incubated at pH 7-5 in 0-15 M-sodium-potassium phosphate buffer (Humason, 1967) to which 0-5 mg of nitro blue tetrazolium/ml and 2 mg /3-nicotinamide adenine dinucleotide/ml were added just before use. The substrate steroid was dissolved in dimethyl formamide (5 mg/ml) and added to give 0-5 mg/ml in the final reaction mixture. Control incubations used a similar medium lacking substrate but including dimethyl formamide. After incubation for 60 min, the sections were fixed for 15 min in 10% neutral formalin and rinsed briefly in distilled water. The cover-glasses were mounted using an aqueous 25% glycerol solution.
The following steroids (Sigma Chemical Co. or Schwartz/Mann Biochemicals) which were used are subsequently referred to by their trivial names: testosterone = 17/?-hydroxy-4-androsten-3-one; androstenedione = 4-androsten-3,17-dione; 5a-androstanedione = 5a-androstane-3,17-dione; 5/3-androstanedione Testosterone, 5a-dihydrotestosterone, 5a-androsterone, 5/3-androsterone, 5a-epiandrosterone and 5/3-epiandrosterone were incubated with tissues from all neopubertal and adult bulls. In addition, a complete set of epididymal tissue sections from at least one adult bull was incubated with 3a, 17/?-dihydroxy-5a-androstane, 3a, 17/3-dihydroxy-5/?-androstane, 3/3,17/3-dihydroxy-5a-androstane, 61 5/?-dihydrotestosterone, 3/?-hydroxy-5-androsten-17-one, 3ß, 16/3-dihydroxy-5-androsten 3-methyl ester, androstenedione, 5a-androstanedione, 5/?-androstanedione, ll/?-hydroxy-4-androsten-3,17-dione, cortisone, hydrocortisone, oestradiol, 16a-hydroxyoestrone, and 16/3-hydroxyoestrone diacetate.
To monitor the efficacy of the HSD-staining technique, sections of bull testis were periodically processed with the experimental tissues. Positive react¬ ions were obtained for bull testicular tissue incubated with 5/3-androsterone, 5a-epiandrosterone, 5/?-epiandrosterone and 5/3-dihydrotestosterone. Hamster epididymal tissue gave results similar to those reported by McGadey et al. (1966) including positive reactions with testosterone, 5a-androsterone, 5/3-androsterone and 5/3-epiandrosterone. After incubation with reduced /3-nicotinamide adenine dinucleotide, intense diaphorase activity was observed in both the epithelium and luminal spermatozoa throughout the epididymis, using tissue sections from one adult bull. The negative results reported were, therefore, not due to an absence of the diaphorase needed for the HSD reaction.
RESULTS
Spermatozoa in all control tissues incubated without substrate were negative, but slight deposits of the formazan reaction product were often present in the epithelium (PI. 1, Fig. 1 Fig. 4 ). This 17/3-HSD activity was later tested, using tissue from the distal corpus epididymidis, for all neopubertal bulls and was detected in luminal spermatozoa. Formazan deposition was abundant on epididymal spermatozoa in tissues from two adult bulls incubated with 3/3,16/3-dihydroxy-5-androsten 3-methyl ester (PI. 1, Fig. 5 (Voglmayr, Kavanaugh, Griel & Amann, 1972) . Detailed examination of these smears, representing three different samples and two adult bulls, provided evidence of enzyme localization within spermatozoa leaving the testis. The 3a-HSD activity was most conspicuous on the head and cytoplasmic droplet of the spermatozoa (PI. 1 , Fig. 7) ; the 3/3-HSD activity was most prevalent in the mid-piece (PI. 1 , Fig. 8) ; and the 17/3-HSD activity predominated in the mid-piece and the cytoplasmic droplet (PI. 1, Fig. 9 ). 16/3-HSD activity have been detected in the hamster epididymal epithelium with this substrate and also with 16/3-hydroxyoestrone (McGadey et al., 1966) .
The 3 -, 3ß-and 17/J-HSD, of physiological importance in many tissues (Moniem, 1972 The 3 -, 3ß-and 17/3-HSD activities in epididymal spermatozoa were consistently detected with monohydroxy-5y3-steroids but not with the corre¬ sponding 5a-steroids. This fact, and the negative results with 3/3-hydroxy-5-androsten-17-one using tissues from one adult bull, implies that in epididymal spermatozoa, HSD are specific for 5/3-steroids. The specificity and apparent localization of 3a-, 3/3-and 17/J-HSD at specific sites on spermatozoa may be of physiological significance. These enzymes catalyse interconversions among 5jS-androsterone, 5/3-epiandrosterone, 5/3-dihydrotestosterone and 5/3-androstanedione. Interestingly, Voglmayr (1971) found that 5/3-androsterone, 5/3-epiandrosterone and 5/?-androstanedione were among the most effective of eleven androgens in altering the metabolic patterns in vitro of washed bull testicular and ejaculated spermatozoa. Thus, although 5/3-dihydrotestosterone was not tested by Voglmayr (1971) , the 3a-and 3/3-hydroxy-5/3-steroid dehydro¬ genases localized in spermatozoa by the present study are involved in interconversions of androgens known to alter glucose and lipid metabolism by bovine spermatozoa.
